(19) n^iai^m^miskm 

(43) SfS^MB 
2002 ^5 ^30 S (30.05.2002) 




PCT 



(10) mw^jimm^ 
WO 02/41972 Al 



(51) SfSttft'^S^: BOID 39/20. FOIN 3/02, BOID 46/00 



PCT/JPOl/08720 
2001 ^10 ^3 a (03.10.2001) 



(21) msamm^: 

(22) SfSUIgB: 
(25) SRSUJKOmS: 

(2«) mvs'&momm: 

(30) «5E«-T-5': 
4* H 2000-357305 

2000 24 a (24.1 1.2000) JP 

4^liB2001-190404 2001 ^ ^22 B (22.06.2001) JP 

(71) aJSiAr*@^^<^"C<7)^tSal=OL^T;: B* 
ii^-ttiE^ttt (NGK INSULATORS, LTD.) [JP/JP]; T 
467-8530 S$fl!l« [^Sm^^E^EB Br2f| 56-^ Aichi 
(JP). 



(72) jei»«;fc«ki; 

(75) #IW#/fflHA (*lllZ•^L^T<Di«<•;: IFD 1$ 
(NOGUCHI, Yasushi) [JP/JP). S IS W (NISHI, 
Hideaki) [JP/JP]. ^S&i (SUENOBU, Hiroyuki) 
[JP/JP]; T467-8530S^!^«]e&Siti%SB^SBT2S 
56^ B*«|?-»a*art Aichi (JP). 

(74) (t S A : a a - ¥ (WATANABE, Kazuhira); T 1 1 1 - 
0053 mmii^miSSmSST S 20S18# $8i)M 
^ 9 — tf ;U3|iS Tolyo (JP). 

(81) (Srt;: AE, AG. AL, AM, AT, AU, AZ, BA, BB, 

BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KB, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO. NZ, 
PH, PL, PT, RO, RU, SD, SE, SG, SI. SK, SL, TJ, TM, TR, 
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) ARIPO (GH, GM, KE, LS, MW, 

MZ, SD, SL, SZ, TZ. UG. ZW). i— 5 *>T*$i^ (AM, 



(54) Title: POROUS HONEYCOMB FILTER AND METHOD FOR MANUFACTURE THEREOF 
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(57) Abstract: A porous honeycomb filter having a controlled pore size distribution which comprises a material containing cordierite 
as a primary ctystal phase, characterized in that it has a pore size distribution in which the pore volume of the pores having a pore 
diameter of less than 1 0 1/ m is 1 5 % or less of the total pore volume, the pore volume of ti>e pores having a pore diameter of 1 0 to 50 

U m accounts for 75 % or more relative to the total pore volume, and the pore volume of the pores having a pore diameter of more than 
50 // m is 10 % or less of the total pore volume. The porous honeycomb filter exhibits improved efficiency for capturing particulate 
contaminants and the like, and also can prevent the increase of pressure loss due to the clogging of pores thereof, in particular, when 
used in a diesel engine developed in recent years which adopts high pressure fuel injection, a common rail type device and the like. 
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(57) Abstract; A ponMishooeiyconibinisrhavi^ 

as a primary ciystal phase, charaetBrized in that it has a poie size distributloD in wUcfa tte 

diameter of tcss than 10 mis 1 5 %or less of the total pore volume, the pore volume of the ixm haying ap 

/I ffl aeeoums for 75 % Of more rdatrife to the total poie volume^ aad the poie 

50|/mbl09iorle8softhe total pore vohtme. Tlie porous hooeycoxDb filter exhibits improved effieieccy fi>r capturii^ partieulate 
eontaminams and the like; and also can prevent the increase of picssurc loss due to the clogging of ports thereof, in particular, when 
used in adiesel engine developed in recent yeais which «d(^ high pressure fod injection, a common rail type device and the like. 

SPECIFICATION 

TECHNICAL FIELD 

This invention pertains to a type of porous honeycomb filter and its manufacturing 
method. More specifically, this invention pertains to a type of porous honeycomb filter 
characterized by the fact that it has a high efficiency in trapping fine particles (particulates), etc., 
can prevent an increase in pressure loss due to the clogging of pores, and, in particular, can 
display its characteristics for diesel engines that have adopted high-pressure fuel injection, 
common rail type device, etc., in recent years, as well as a method for manufacturing it. 

CONVENTIONAL TECHNOLOGY 

In recent years, as a device for removing particulates from exhaust gas, a type of porous 
honeycomb filter has been adopted. The porous honeycomb filter has a structure in which 
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multiple through holes that open dn the exhaust-gas inlet side end surface and exhaust-gas outlet 
side end surface have their openings alternately sealed on the two end surfaces, so that the 
exhaust gas that flows in from the exhaust-gas inlet side end surface is forced to flow through the 
partition walls between the various through holes (with multiple pores on the walls), and the 
particulates in the exhaust gas are. trapped and removed. 

For the porous honeycomb filter, depending on the particle size of the particulates in the 
exhaust gas, the trapping efficiency, pressure loss, etc., are a function of the size of the pores 
formed on the wall between the through holes. Consequently, there is a demand for control of the 
pore size distribution. 

In the prior art, porous honeycomb filters are usually made of cordierite or silicon carbide 
having a high heat resistance. Japanese Kokai Patent Application No. Hei 5[1993]-23512 
disclosed a type of porous honeycomb filter, characterized by the fact that it is made of silicon 
carbide that allows easy control of the pore size, with the average pore size being 1-15 ^im, and 
the pore size distribution is controlled so that the pore size is distributed over a very narrow 
range with a standard deviation (SD) of 0.20 or smaller. 

On the other hand, Japanese Kokai Patent Application No. Hei 9[1997]-77573 disclosed a 
type of honeycomb filter with an average pore size of 25-40 jim, characterized by the fact that it 
is a honeycomb filter made of cordierite with a controlled pore size; as kaolin and aluminum 
oxide are not contained as the feed material used to form cordierite, the porosity is increased, and 
it is manufactured using a method in which the feed material is prepared by adding a certain type 
of organic foaming agent or combustible substance in a feed materia] of cordierite containing 
aluminum hydroxide with a controlled particle size (the proportion of the powder with a particle 
size of O.S-3 ^m and the powder with a particle size of S-IS ]m with respect to the total amount 
of aluminum hydroxide is 50-100%), fused silica (average particle size of 30-100 (im), and talc. 

However, for the aforementioned honeycomb filter, because the pore size is mainly 
controlled by aluminum hydroxide, an organic foaming agent, or combustible substance, 
although the average pore size can be controlled, it is nevertheless impossible to have the pore 
size distribution within the desired narrow range. Also, because aluminuni hydroxide is used in 
the forrh of fine particles, the thermal expansion coefficient becomes higher, and this is 
undesired. 

In order to solve this problem, Japanese Patent Nos. 2578176 and 2726616 described a 
manufacturing method of a honeycomb filter, characterized by the fact that it makes use of a feed 
material prepared by adding graphite as a pore forming agent into a feed material used to form 
cordierite in the form of a mixture of various components such as talc, 'silica, alumina, and kaolin 
as powders having prescribed particle sizes and in prescribed proportions; the pore size 
distribution has the following features: [1] the proportion of pores with a size of 2 fxm or smaller 
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among all of the pores is 7 vol% or less, [2] the proportion of pores with a size of 100 \un or 
larger among all of the pores is 10 vol% or less. 

However, for such honeycomb filters, because no special consideration is given to the 
fact that the various components are different from each other with respect to ease in controlling 
the pore size, the ability to control the lower limit or upper limit of the pore size distribution is 
insufficient, and it is impossible to have a pore size distribution within a prescribed narrow 
range. 

In order to solve this problem, Japanese Kokoku Patent No. Hei 7[1995]-38930 described 
a manufacturing method of a honeycomb filter, characterized by the fact that in consideration of 
the fact that the various components talc, silica, alumina, and kaolin are different from each other 
with respect to ease in controlling the pore size, the feed material used to form cordierite is 
prepared by adjusting the two components talc and silica such that the proportion of the powder 
with a particle size of .150 \im or larger among the entire feed material is 3 wt% or less, and the 
proportion of the particles with particle size of 45 |im is 25 wt% or less; the obtained honeycomb 
filter has a proportion of pores.with a size of 10-50 pm, among all of the pores, of, 
52.0-74.1 vol%. 

For such a honeycomb filter, for the first time, the pore size has been controlled to within 
a range as narrow as 10-50 ]im. Compared with the aforementioned various types of honeycomb 
filters made of cordierite, the trapping efficiency is higher, and it is also better in preventing an 
incjpease in the pressure loss due to clogging. Also, because the particle size of talc is smaller, it 
is possible to realize a lower tiiermal expansion coefficient. 

However, in recent years, because of improvements in the diesel engine (by adopting 
high-pressure fuel injection, common rail device, etc.), the exhaust rate has been reduced, and 
the particulates have become smaller and more uniform (the particle size of the particulates is 
usually about 1 (im). Consequentiy, there is a high demand for the development of a type of 
honeycomb filter with its pore size being under high degree of control. 

On the other hand, because the aforementioned honeycomb filter is manufactured without 
knowing that kaolin, in the feed material used to form cordierite, is closely associated with the 
formation of pores of 10 ^ or smaller, it is impossible to form pores with a size of 10-50 ^m at 
a high proportion of 75.0 vol% or higher. Consequently, it cannot meet the aforementioned 
demand requested in recent years. 

The purpose of this invention is to solve the aforementioned problems of the 
conventional methods by providing a type of porous honeycomb filter and its manufacturing 
method, characterized by the fact that it has a high efficiency in trappirig fine particles 
(particulates), etc., can prevent an increase in pressure loss due to clogging of the pores, and, in 
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particular, can display the characteristics to meet the demand related to the diesel engines that 
have adopted high-pressure fuel injection, common rail device, etc., in recent years. 

DISCLOSURE OF THE IhrSHEhrnON 

In order to solve the aforementioned problems, the present inventors have performed 
extensive research. As a result of this research work, it was found that by controlling the particle 
size of the silica component in the feed material used to form cordierite, and, at the same time, 
lowering the concentration of kaolin, it is possible to control the pore size distribution in the 
desired range. As a result, this invention was reached. 

That is, this invention provides a type of porous honeycomb filter characterized by the 
following facts: the porous honeycomb filter is made of a material with cordierite having a 
controlled pore size distribution as its primary crystal phase; its pore size distribution has the 
following features: the volume of pores with a size of 10 jxm or smaller is 15% or less of the total 
pore volume; the volume of pores with a size of 10-50 \im is 75% or more of the total pore 
volume; and the volume of pores with a size of 50 (im or larger is 10% or less of the total pore 
volume. 

For the honeycomb filter of this invention, the porosity of the honeycomb filter is 
preferably 50-75%, more preferably 65-75%, or most preferably 68-75%. Also, the thermal 
expansion coefficient of the honeycomb filter at a temperature of 40-80^C is preferably 1.0 x 
lO'^/'^C or lower. 

Also, this invention provides a method for manufacturing a porous honeycomb filter 
characterized by the fact that in the manufacturing method of a porous honeycomb filter using a 
ceramic feed material used to form cordierite as the principal feed material, the feed material 
used to form cordierite contains 10 wt% or less of kaolin, and, for the silica (Si02) source 
component other than kaolin and talc, the particle size distribution is such that the proportion of 
the powder with a particle size of 75 jim or larger is 1 wt% or less. 

The manufacturing method of a honeycomb filter in this invention differs from the 
manufacturing method described in Japanese Kokai Patent Application No. Hei 9[1997]-77573 
in that the proportion of kaolin is 1-10 wt%. 

It is preferred that the silica (Si02) source component other than kaolin and talc contain at 
least one type of quartz or fused silica. 

It is preferred that the feed material used to form cordierite contain at least one type of 
aluminum oxide and aluminum hydroxide as the alumina (AI2O3) source component. In this case, 
for the alumina (AI2O3) source component, it is preferred that it contain 15-45 wt% of aluminum 
hydroxide with a particle size of 1-10 \m, or 0-20 wt% of aluminum oxide with a particle size of 
4-8 \m. 



3-2812 



Also, it is preferred that feed material used to form cordierite contain 37-40 wt% of 
talc as the magnesia (MgO) source component. In this case, it is preferred that the particle size of 
talc is S-40 ^m. 

As the ceramic feed material, it is preferred that it contain M parts by weight of a 
foaming resin with respect to 100 parts by weight of the feed material used to form cordierite. 

OPTIMUM FORM FOR EMBODIMENT OF THE INVENTION 

In the following, the form for embodiment of this invention will be explained in detail. 

1 . Porous honeycomb filter 

The porous honeycomb filter of this invention is a porous honeycomb filter containging 
cordierite with its pore size distribution being highly controlled to a prescribed range as the 
primary crystal phase. 

In the following, a detailed discussion will be presented. 

The porous honeycomb filter of this invention has cordierite as its primary crystal phase. 
The cordierite may be the orientated, non-orientated, a crystalline, P crystalline form, etc. 

Also, it may contain mullite, zircon, aluminum tilanate, clay-bound silicon carbide, 
zirconia, spinel, indialite, sapphirine, corundum, titania, and other crystal phases. 

These crystal phases may be used either alone or as a mixture of several types. 

The pore size distribution of the porous honeycomb filter of this invention has the 
following features: the volume of pores with a size of 10 ^m or smaller is 15% or less of the total 
pore volume; the volume of pores with a size of 10-50 urn is 75-100% of the total pore volume; 
and the volume of pores with a size of 50 |im or larger is 10% or less of the total pore volume. 

If the volume of pores with a size of 10-50 jim is less than 75% of the total pore volume, 
the volume of pores with a size of 10 jim or smaller becomes over 15% of the total pore volume, 
the pressure loss due to clogging of the pores rises, and, when a catalyst is applied on the filter, 
the pressure loss due to clogging of pores with the catalyst rises. On the other hand, if the volume 
of pores with a size of 10-50 pm is 75% or less of the total pore volume, and the volume of pores 
with a size of 50 ]im or larger is 10% or more of the total pore volume, the trapping efficiency of 
the particulates decreases. 

In particular, in recent years, with improvements in the diesel engines, the particles have 
become smaller and more uniform. Consequently, if the volume of pores with a size of 10-50 pm 
is not 75% or more of the total pore volume, the efficiency is not high, and it is hard to improve 
the trapping efficiency of the particulates corresponding to said improVeriient of diesel engines. 

For the honeycomb filter of this invention, in order to reduce the pressure loss and to 
increase the trapping efficiency, the porosity is preferably 50-75%. more preferably 65-75%, or 
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most preferably 68-75%. Also, in order to improve the resistance to heat impact for use at high 
temperatures, the thermal expansion coefflcient at temperature of 40-800^C is preferably 1.0 x 
lO-^/^C or lower. 

The honeycomb filter in this invention has a structure in which multiple through holes 
that open on the exhaust*gas inlet side end surface and exhaust-gas outlet side end surface are 
alternately sealed on the two end surfaces. However, there is no specific limitation on the shape 
of the honeycomb filter. For example, it may be a cylinder with a circular or elliptic shape of the 
end surfaces, or a polygon with a triangular, square, or other polygonal shape of the end surfaces, 
or a cylinder or polygon with the side surface bent to a < shape, etc. Also, there is no special 
limitation on the shape of the through holes. For example, the cross sections of the through holes 
may have a square, octagonal, or other polygonal shape, circular shape, elliptic shape, etc. 

The porous honeycomb filter of this invention can be manufactured using the following 
method 

2. Method for manufacturing porous honeycomb filter 

In the method for manufacturing a porous honeycomb filter of this invention, the porous 
honeycomb filter is manufactured from a ceramic feed containing a material used to form 
cordierite as its principal feed material; in this method, the components in the feed material used 
to form cordierite and particle sizes are controlled within certain ranges. 

In the following, the method will be discussed in more detail. 

For the feed material used to form cordierite in this invention, the silica (SiOa) source 
component other than kaolin and talc has a particle size distribution such that the proportion of 
die powder with a particle size of 75 \im or larger is 1 wt% or less, preferably 0.5 wt% or less. 

As a result, pores with a size in a narrow range of 10-50 pm can be formed at a very high 
rate, and the manufactured honeycomb filter has a high trapping efficiency and is fiee of an 
increase in the pressure loss due to clogging of pores. 

That is, it has been found that in this invention, the silica (Si02) source component other 
than kaolin and talc in the feed material used to form cordierite differs from the other 
components in that pores with a size nearly equal to the particle size of the component can be 
formed, and that by crushing the large particle powder witii a particle size of 75 \m or larger, 
because they contribute little to the formation of pores with a size of 10 jim or less, it is possible 
to form pores with a size in the narrow range of 10-50 fim at a very high rate. 

Examples of the silica (SiOj) source component other than kaolin and talc include quartz, 
fused silica, mullite, etc. Among them, it is preferred that at least quartz or fused silica be 
contained because they have high stability up to a high temperature during sintering and they 
allow easy control of the pore size. 
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It is preferred that 15-20 wt% of said silica (Si02) source component be contained in the 
feed material used to form cordierite. Also, although it may contain Na20, K2O, and other 
impurities, it is preferred that the total content of these impurities in the silica (Si02) source 
component be 0.01 wt% or less so as to prevent an increase in the thermal expansion coef^cient. 

The feed material used to form cordierite used in this invention may also contain 10 wt% 
or less of kaolin. 

If the content of kaolin is over 10 wt%, it is impossible to suppress the formation of pores 
with a size of 10 |im or smaller, and it thus becomes impossible to have the volume of pores with 
a size of 10-50 ^m to be 75% or more of the total pore volume even when the particle size of the 
silica (Si02) source component other than kaolin and talc is controlled. 

That is, according to this invention, in addition to said control of the particle size 
distribution of said silica (Si02) source component, in consideration of the fact that kaolin in the 
feed material used to form cordierite is related to the formation of pores with a size of 10 \im or 
smaller, it has been found that by having the content of kaolin to be 10 wt% or less, it is possible 
to almost completely suppress the formation of pores with a size of 10 ^un or smaller. 

Also, according to this invention, from the viewpoint of control of the pore size 
distribution, the content of kaolin is suppressed. In order to realize this, the method of this 
invention differs from the manufacturing method described in Japanese Kokai Patent Application 
No. Hei 9[1997]-77573 in that the content [of kaolin] is 1-10 wt%. 

Although kaolin may contain mica, quartz, etc., as impurities, in order to prevent an 
increase in the thermal expansion coefficient, it is preferred that the content of these impurities 
be 2 wt% or less. 

In order to have the various components of the feed material used to form cordierite 
having a theoretical composition of cordierite crystals, in addition to said silica (Si02) source 
component and kaolin, it is necessary to add other components, such as talc or some other 
magnesia (MgO) component, aluminum oxide, aluminum hydroxide, and other alumina (AI2O3) 
source components, etc. 

In consideration of the fact that less impurities are contained, as the alumina (AI2O3) 
source component, it is preferred that aluminum oxide and/or aluminum hydroxide be contained. 
Aluminum hydroxide is particularly preferred. 

As far as the particle size of the alumina (AI2O3) source component is concerned, in order 
to enable a reduction of the thermal expansion coefficient and in performing high-precision 
control of the pore size distribution by controlling the particle size distribution of said silica 
(SiOa) source component, when aluminum hydroxide is used, the partitle size is preferably 
1-10 (im; when aluminum oxide is used, the particle size is preferably 4-8 |un. 
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Also, for the alumina (AI2O3) source component, it is preferred that 15-45 wt% of 
aluminum hydroxide be contained in the feed material used to form cordierite. or that 0-20 wt% 
of aluminum oxide be contained in it. 

As the magnesia (MgO) source component, for example, talc, magnesite, etc., may be 
used. Among them, talc is preferred. It is preferred that 37-40 wt% of talc be contained in the 
feed material used to fonn cordierite. In order to lower the thermal expansion coefficient, the 
particle size of talc is preferably 5-40 fim, or more preferably 10-30 ^im. 

Talc or some other magnesia (MgO) source component used in this invention may 
contain FciOa, CaO, Na20, K2O, etc., as impurities. 

The content of Fe203 in the magnesia (MgO) source component is preferably 
0.1-2.5 wt%. When this range i$ observed, it is possible to lower the thermal expansion 
coefficient, and at the same time to obtain a high porosity. 

In order to lower the thermal expansion coefficient, the total content of CaO, Na20, and 
K2O in the magnesia (MgO) source component is preferably 0.35 wt% or less. 

According to the manufacturing method in this invention, when the porosity is further 
increased, it is possible to further increase the trapping efficiency and to reduce the pressure loss. 
In consideration of this fact, it is preferred that the feed material used to form cordierite also 
contain pore forming agent, etc., as additives. 

Examples of pore forming agents include acrylic microcapsules and other foaming resins, 
graphite, wheat flour, starch, phenolic resin, polymethyi methacrylate, polyethylene, 
polyethylene terephthalate, etc. Among them, acrylic microcapsules and other foaming lesins are 
preferred. 

For acrylic microcapsules, and other foaming resins, because they are hollow [particles], 
even a small amount can form a honeycomb filter with a high porosity, and heating of the pore 
forming material in the sintering step of the operation can be suppressed. Consequently, even 
when the pore forming agent is added to form a honeycomb filter with a high porosity, the heat 
generated in the sintering step is small, and the generation of thermal stress can be alleviated 

When a larger amount of foaming resin is added, while the obtained honeycomb filter has 
a very high porosity, the strength decreases, and it is prone to damage in canning. Consequently, 
the amount [of the foaming resin] with respect to 100 parts by weight of the feed material used to 
form cordierite is preferably 1.0-4.0 parts by weight, or more preferably 1.5-3.0 parts by weight. 

According to this invention, as needed, other additives such as a binder and dispersant for 
accelerating dispersion in the medium liquid may be contained. 

Examples of binders that may be added include hydroxypropylmethylcellulose, 
methylcellulose, hydroxyethylcellulose, carboxymethylcellulose, polyvinyl alcohol, etc. 
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Examples of the dispersants that may be used include ethylene glycol, dextrin, fatty acid soap, 
polyalcohol, etc. 

As needed, the aforementioned additives may be used either alone or as a mixture of 
several types. 

There is no special limitation on [the feed material used to form cordierite used in this _ 
invention], except that the contents and particle size of the prescribed components in the feed 
material used to form cordierite should be controlled to within certain ranges. For example, it is 
possible to manufacture the honeycomb filter in the following manufacturing process. 

First of all, 3-5 parts by weight of a binder, 2-40 parts by weight of a pore forming agent, 

0. 5-2 parts by weight of a dispersant, and 10-40 parts by weight of water are loaded in 100 parts 
by weight of said feed material used to form cordierite, then the mixture is blended to form a 
plastic. 

Molding of the plastic feed material is performed using any of the following methods: 
extrusion molding method, injection molding method, press molding method, method in which 
through holes are formed after the ceramic feed material is molded into a cylindrical shape, and 
other methods. Among these methods, the extrusion molding method is preferred because it 
allows continuous molding easily, and it can orientate the cordierite crystals to realize a low 
thermal expansion property. 

The feed molding is dried by hot air, microwave drying, dielectric drying, drying under a 
reduced pressure, vacuum drying, freeze drying, etc. Among them, the hot-air drying method, 
microwave drying method, or their combination with dielectric drying are preferred because they 
allow fast drying of the entire molding uniformly. 

Finally, sintering of the dry molding is performed corresponding to the size of the dry 
molding. Usually, sintering is preferably carried out at a temperature of 1410-1440**C for 3-7 h. 
Also, it is possible to perform the drying step and sintering step continuously. 

In the following, this invention will be explained in detail with reference to application 
examples. However, this invention is not limited to these application examples. 

1. Evaluation methods 

For the honeycomb filter samples prepared in the application examples and comparative 
examples to be explained later, an evaluation was performed using the following methods. 

( 1) Pore size distribution, average size of pores ' 

The pore size distribution and average pore size were measured using a mercury press-in 
type porosimeter manufactured by the Micromeritex Co. [transliteration] 
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(2) Porosity 

With the true specific gravity of cordierite taken as 2.52 g/cc, from the total pore volume, 
the porosity was calculated 

(3) Trapping efficiency 

The exhaust gas containing soot and produced from a soot generator was fed through the 
honeycomb filter prepared in each application example or comparative example for a prescribed 
time (2 min). The soot contained in the exhaust after passing through the filler was trapped with 
filter paper, then the weight of the soot (W*) was measured. Also, the soot in the exhaust gas that 
did not pass through said filter was also trapped with filter paper, and the weight of the soot (W^) 
was also measured. From the obtained weights (W^) and (W^), the trapping efficiency was 
calculated using the following equation (1). 

(W^-WV(W^)xlOO (1) 

(4) Pressure loss due to trapping of soot 

For each of the honeycomb filters prepared in the application examples and comparative 
examples, the following test was performed. A ring with an internal diameter O of 130 mm was 
pressed in contact with each of the two end surfaces. Via said rings, the soot produced in a soot 
generator was fed to flow to within 1 30 mm 0 of the honeycomb filter, and 10 g of the soot were 
trapped. 

With soot trapped on the honeycomb filter, air was fed to flow at a rate of 2.27 NmVmin, 
then the difference in pressure before and after the filter was measured to evaluate the pressure 
loss in the state with trapped soot. 

2. Application Examples, Comparative Examples 
APPUCAITON EXAMPLE i 

Components with the average particle size and particle size distribution listed in Table 1, 
including talc (average particle size of 20 ^m and proportion of powder of particles with a 
particle size of 75 \im or larger of 4 wt%), fused silica B (average particle size of 35 \im and 
proportion of powder with a particle size of 75 \im or larger of 0.5 wt%), arid aluminum 
hydroxide (average particle size of 2 jim and proportion of powder with a particle size of 75 \im 
or larger of 0 wt%) were mixed with the additives listed in Table 2, that is, with proportion of 
37 wt% of talc, 19 wt% of fused silica B. and 44 wt% of aluminum hydroxide, to form a feed 
material used to form cordierite. 
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As listed in Table 2, in 100 parts by weight of the prepared feed material used to fonn 
cordicrite. 20 parts by weight of graphite, 7 parts by weight of polyethylene terephthalate. 7 parts 
by weight of polymethyl methacrylate, 4 parts by weight of hydroxypropylmethylcellulose. 
0.5 part by weight of potassium laurate soap, and 30 parts by weight of water were added, then 
the mixture was blended to form a plastic feed material. The obtained plastic feed material was 
molded into a cylindrical shape using a vacuum clay blender, followed by molding into a 
honeycomb shape in an extrusion molding machine. 

The obtained molding was subjected to dielectric drying, then bone dried with hot air. Its 
two end surfaces were then cut out with prescribed dimensions. 

The through holes on the dry honeycomb body were then alternately sealed on the two 
end surfaces by means of a slurry prepared from a cordicrite with the same composition as 
aforementioned. 

Finally, it was sintered at 1420°C for 4 h, fonning a honeycomb filter with a size of 
144 mm O X 152 mm L [length], wiall thickness of 300 jun, and cell number of 300 cells/inchl 

APPUCATION EXAMPLE 2 

A honeyconib filter was prepared in the same way as in Application Example 1. except 
that instead of fused silica B (average particle size of 35 ^m and proportion of powder with a 
particle size of 75 jun or larger of 0.5 wt%) used in Application Example 1. quartz B (average 
particle size of 19 \ua and pK)portion of powder with a particle size of 75 ^m or larger of 
0.3 wt%) was added. 

COMPARATIVE EXAMPLE 1 

A honeycomb filter was prepared in the same way as in Application Example 1, except 
that instead of fused silica B (average particle size of 35 yaa and pn)portion of powder with a 
particle size of 75 pm or larger of 0.5 wt%) used in Application Example 1, fused silica A 
(average particle size of 40 |im and proportion of powder with a particle size of 75 or larger 
of 6 wt%) was added. 



APPLICATION EXAMPLE 3 

Just as in Application Example 1, components with the average particle size and particle 
size distribution listed in Table 1, that is, talc (average particle size of 20 jxm and pn)portion of 
powder of particles with a particle size of 75 or larger of 4 wt%), kaolin (average particle 
size of 10 (un and proportion of powder with a particle size of 75 jun dr larger of 2 wt%), quartz 
D (average particle size of 5 ^m and proportion of powder with a particle size of 75 \m or larger 
of 0. 1 wt%), aluminum oxide (average particle size of 6 (im and proportion of powder with a 



3-2812 



13 



particle size of 75 \im of 0.2 wt%), and aluminum hydroxide (average particle size of 2 fxm and 
proportion of powder with a particle size of 75 \im or larger of 0 wt%), were mixed as listed in 
Table 2, that is, of 40 wt% of talc, 1 wt% of Kaolin, 21 wt% of quartz D, 19 wt% of aluminum 
oxide, and 19 wt% of aluminum hydroxide were mixed to prepare a feed material used to. form 
cordierite. In 100 parts by weight of the obtained feed material used to form cordierite, as a pore 
forming agent, 20 parts by weight of graphite, 10 parts by weight of polyethylene terephthalate, 
and 10 parts by weight of polymethyl methacrylate were added. Otherwise, the operation was 
performed in the same way as in Application Example 1 to form a honeycomb filter. 

APPUCATION EXAMPLE 4 

Just as in Application Example 1, components with the average particle size and particle 
size distribution listed in Table 1, that is, talc (average particle size of 20 )im and proportion of 
powder of particles with a particle size of 75 fxm or larger of 4 wt%), kaolin (average particle 
size of 10 |xm and proportion of powder with a particle size of 75 (iin or larger of 2 wt%), quartz 
B (average particle size of 19 ^m and proportion of powder with a particle size of 75 |im or 
larger of 0.3 wt%), aluminum oxide (average particle size of 6 )im and proportion of powder 
with a particle size of 75 \im of 0.2 wt%), and aluminum hydroxide (average particle size of 
2 (un and proportion of powder with a particle size of 75 |un or larger of 0 wt%), were mixed as 
. listed in Table 2, that is, 40 wt% of talc, 3 wt% of kaolin, 20 wt% of quartz B, 1 8 wt% of 
aluminum oxide, and 19 wt% of aluminum hydroxide were mixed to prepare a feed material used 
to form cordierite. In 100 parts by weight of the obtained feed material used to form cordierite, 
as a pore forming agent, 20 parts by weight of graphite, 9 parts by weight of polyethylene 
terephthalate, and 9 parts by weight of polymethyl methacrylate were added. Otherwise, the. 
operation was performed in the same way as in Application Example 1 to form a honeycomb 
filter. 

APPUCATION EXAMPLE 5 

Just as in Application Example 4, as listed in Table 2, instead of quartz B listed in 
Table 1 (average particle size of 19 fim and proportion of powder with a particle size of 75 \im or 
larger of 0.3 wt%), quartz D (average particle size of 5 ^im and proportion of powder with a 
particle size of 75 \im or larger of 0. 1 wt%) was mixed; also, for 100 parts by weight of the 
obtained feed material used to form cordierite, as a pore forming agent, 25 parts by weight of 
graphite, 5 parts by weight of polyethylene terephthalate, and 10 parts by weight of polymethyl 
methacrylate were added. Otherwise, the operation was performed in the same way as in 
Application Example 4 to form a honeycomb filter. 
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APPUCATION EXAMPLE 6 

Just as in Application Example 4, as listed in Table 2, instead of quartz B listed in 
Table 1 (average particle size of 19 (xm and proportion of powder with a paiticle size of 73 pin or 
larger of 0.3 wt%), quartz E (average particle size of 10 \m and proportion of powder with a 
particle size of 75 or larger of 0.1 wt%) was mixed; also» for 100 parts by wei^t of the 
obtained feed material used to form cordierite, as a pore forming agent, 20 parts by weight of 
graphite and 4 parts by weight of polyethylene terephthalate were added. Otherwise, the 
operation was performed in the same way as in Application Example 4 to form a honeycomb 
filter. 

APPUCATION EXAMPLE 7 

Just as in Application Example 4, as listed in Table 2, instead of quartz B listed in 
Table 1 (average particle size of 19 Jim, proportion of powder with a particle size of 75 ^m or 
larger of 0.3 wt%), fused silica B (average particle size of 35 jim, proportion of powder with a 
particle size of 75 \m or larger of 0.5 wt%) was mixed, and, for 100 parts by weight of the 
obtained feed material used to form cordierite, as a pore forming agent, 20 parts by weight of 
graphite, 3 parts by weight of polyethylene terephthalate, and 9 parts by weight of polymethyl 
methacrylate were added. Otherwise, the operation was performed in the same way as in 
Application Example 4 to form a honeycomb filter. 

APPUCATION EXAMPUE 8 

Just as in Application Example 4, as listed in Table 2, instead of quartz B listed in 
Table 1 (average particle size of 19 jim, proportion of powder with a particle size of 75 ^m or 
larger of 0.3 wt%), fiised silica C (average particle size of 16 (im, proportion of powder with a 
particle size of 75 |im or larger of 1 wt%) was mixed, and, for 100 parts by weight of the 
obtained feed material used to form cordierite, as a pore forming agent, 10 parts by weight of 
graphite and 17 parts by weight of polymethyl methacrylate were added. Otherwise, the 
operation was performed in the same way as in Application Example 4 to form a honeycomb 
filter. 

COMPARATIVE EXAMPLE 2 

Just as in Application Example 4, as listed in Table 2, instead of quartz B listed in 
Table 1 (average particle size of 19 jim, proportion of powder with a particle size of 75 [m or 
larger of 0.3 wt%X quartz A (average particle size of 20 jim, proportiofi of powder with a 
particle size of 75 \m or larger of 8 wt%) was mixed, and, for 100 parts by weight of the 
obtained feed material used to form cordierite, as a pore forming agent, 20 parts by weight of 
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graphite, 7 parts by weight of polyethylene terephthalate, and 9 parts by weight of polymethyl 
methacrylate were added Otherwise, the operation was performed in the same way as in 
Application Example 4 to fonn a honeycomb filter. 

COMPARATIVE EXAMPLE 3 

Just as in Application Example 4, as listed in Table 2, instead of quartz B listed in 
Table 1 (average particle size of 19 ^im, proportion of powder with a particle size of 75 fim or 
larger of 0.3 wt%), quartz C (average particle size of 5 jim, proportion of powder with a particle 
size of 75 ^m or larger of 3 wt%) was mixed, and, for 100 parts by weight of the obtained feed 
material used to form cordierite, as a pore forming agent, 20 parts by weight of graphite, 10 parts 
by weight of polyethylene terephthalate, and 10 parts by weight of polymethyl metiiacrylate were 
added. Otherwise, the operation was performed in the same way as in Application Example 4 to 
form a honeycomb filter. 

COMPARATIVE EXAMPLE 4 

Just as in Application Example 4, as listed in Table 2, instead of quartz B listed in 
Table 1 (average particle size of 19 fxm, proportion of powder with a particle size of 75 \m or 
larger of 0.3 wt%), fused silica D (average particle size of 70 \m, proportion of powder with a 
particle size of 75 |im or larger of 39 wt%) was mixed, and. for 100 parts by weight of the 
obtained feed material used to form cordierite, as a pore forming agent, 20 parts by weight of 
graphite, 6 parts by weight of polyethylene terephthalate, and 7 parts by weight of polymethyl 
methacrylate were added Otherwise, the operation was performed in the same way as in 
Application Example 4 to form a honeycomb filter. 

APPUCATION EXAMPLE 9 

Just as in Application Example 4, as listed in Table 2, 40 wt% of talc, 5 wt% of kaolin, 
19 wt% of quartz B, 17 wt% of aluminum oxide, and 19 wt% of aluminum hydroxide were 
mixed to prepare a feed material used to form cordierite. For 100 parts by weight of the obtained 
feed material used to form cordierite, as a pore forming agent, 20 parts by weight of graphite, 
7 parts by weight of polyethylene terephthalate, and 7 parts by weight of polymethyl 
methacrylate were added. Otherwise, the operation was performed in the same way as in 
Application Example 4 to form a honeycomb filter. 

APPUCATION EXAMPLE 10 

Just as in Application Example 4, as listed in Table 2, 40 wt% of talc, 10 wt% of kaolin, 
17 wt% of quartz B, 16 wt% of aluminum oxide, and 17 wt% of aluminum hydroxide were 



3-2812 



mixed to prepare a feed material used to form cordierite. For 100 parts by weight of the obtained 
feed material used to form cordierite, as a pore forming agent, 10 parts by weight of graphite, 
8 parts by weight of polyethylene tercphthalate, and 15 parts by weight of i)olymethyl 
methacrylate were added Otherwise, the operation was performed in the same way as in 
Application Example 4 to form a honeycomb filter. 

COMPARATIVE EXAMPLE 5 

Just as in Application Example 4, as listed in Table 2, 40 wt% of talc, 15 wt% of kaolin, 
14 wt% of quartz B, 15 wt% of aluminum oxide, and 16 wt% of aluminum hydroxide were 
mixed to prepare a feed material used to form cordierite. For 100 parts by weight of the obtained 
feed material used to form cordierite, as a pore forming agent, 20 parts by weight of graphite, 
4 parts by weight of polyethylene terephthalate, and 9 parts by weight of polymethyl 
methacrylate were added. Otherwise, the operation was performed in the same way as in 
Application Example 4 to form a honeycomb filter. 

COMPARATIVE EXAMPLE 6 

Just as in Application Example 4, as listed in Table 2, 40 wt% of talc, 19 wt% of kaolin, 
12 wt% of quartz B, 14 wt% of aluminum oxide, and 15 wt% of aluminum hydroxide were 
mixed to prepare a feed material used to form cordierite. For 100 parts by weight of the obtained 
feed material used to form cordierite, as a pore forming agent, 20 parts by weight of graphite, 
4 parts by weight of polyethylene terephthalate, and 7 parts by weight of polymethyl 
methacrylate were added. Otherwise, the operation was performed in the same way as in 
Application Example 4 to form a honeycomb filter. 

APPUCATION EXAMPUE 11 

Just as in Application Example 10, as listed in Table 2, a feed material used to form 
cordierite was prepared without adding graphite, polyethylene terephthalate, and polymethyl 
methacrylate as a pore forming agent, and a honeycomb filter was prepared in the same way as in 
Application Example 10 except that 2.4 parts by weight of acrylic microcapsules (commercial 
name: F-50E, product of Matsumoto Oils & Fats Pharmaceutical Co., Ltd.) were added to 
100 parts by weight of the feed material used to form cordierite. 

APPUCATION EXAMPLE 12 

Just as in Application Example 10, as listed in Table 2, 40 wt%'of talc, 0 wt% of kaolin, 
21 wt% of quartz D, 16 wt% of aluminum oxide, and 23 wt% of aluminum hydroxide were 
mixed to prepare a feed material used to form cordierite. For 100 parts by weight of the obtained 
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feed material used to form cordierite, as a pore forming agent, 10 parts by weight of graphite, 
5 parts by weight of polyethylene terephthalate, and 5 parts by weight of polymethyl 
methacrylate were added and, as a foaming resin, 1.8 parts by weight of acrylic microcapsules 
were added. Otherwise, the operation was performed in the same way as in Application 
Example 10 to form a honeycomb filter. 

APPUCATION EXAMPLE 13 

Just as in Application Example 10, as listed in Table 2, 40 wt% of talc, 5 wt% of kaolin, 
19 wt% of quartz B, 17 wt% of aluminum oxide, and 19 wt% of aluminum hydroxide were 
mixed to prepare a feed material used to form cordierite. For 100 parts by weight of the obtained 
feed material used to form cordierite, as a pore forming agent, 20 parts by weight of graphite 
were added and, as a foaming resin, 2.8 parts by weight of acrylic microcapsules were added. 
Otherwise, the operation was performed in the same way as in Application Example 10 to fonn a 
honeycomb filter. 

3. Discussion 

In Application Examples 1-13, a silica source component other than kaolin and talc has a 
particle size distribution with a proportion of powder with a pardcle size of 75 ^m or larger of 
1.0 wt% or less was added. In these application examples, honeycomb filters with the particle 
size of SO iim controlled at 10% or less of the overall pore volume were obtained. For these 
obtained honeycomb filters, it is possible to realize a trapping efficiency as high as 83% or 
higher. In particular, in Application Examples 3 and 5, in which the silica source component 
other than kaolin and talc has a particle size distribution such that the proportion of powder with 
a particle size of 75 \m or larger is 0.1 wt% or less, it is possible to obtain honeycomb filters 
with the proportion of the pores with a size of 50 |im or larger controlled at 2% or less of the 
overall pore volume. For the obtained honeycomb filters, it is possible to realize a trapping 
efficiency as high as 94% or higher. 

On the other hand, in Comparative Examples 1-4, the particle size distribution of the 
silica source component other than kaolin and talc is such that the proportion of powder with a 
particle size of 75 fxm or larger is 1.0 wt% or larger. In these comparative examples, honeycomb 
filters with a proportion of the volume of pores having a size of 50 ^m or larger of 10% or more 
than the overall pore volume were obtained. For the obtained honeycomb filters, the trapping 
efficiency is as low as 75% or lower. 

In Application Examples 1-13, in which the content of kaolin i^ 10 wt% or less, it is 
possible to obtain honeycomb filters for which the proportion of the volume of pores with a size 
of 10 \m or smaller is controlled at 15% or smaller than the overall pore volume. It is estimated 
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that when a catalyst is applied on the filter, clogging of pores by the catalyst can be suppressed, 
and the pressure loss in the trapping of soot is low. 

On the other hand, in Comparative Examples 5 and 6, in which the content of kaolin is 
over 10 wt%, for the obtained honeycomb filters, the proportion of the volume of pores with a 
size of 10 \im or smaller is over 15% of the overall pore volume. It is estimated that when a 
catalyst is applied on the filter, the pressure loss due to clogging of pores with the catalyst is 
high. 

In Application Examples 11-13, in which 1.8-2.8 parts by weight of a foaming agent are 
added with respect to 100 parts by weight of the feed material used to form cordierite, it is 
possible to obtain honeycomb filters with a porosity of 68-75%. For the obtained honeycomb 
filters, it is possible to realize a trapping efficiency as high as 91% or higher. Also, the pressure 
loss is 8.5 KPa or lower, and the pressure loss in the soot trapped state is low. 

Also, in Application Example 12, in which a honeycomb filter is prepared by adding 
3.2 parts by weight of the foaming agent, the obtained honeycomb filter has a porosity of 80%, 
yet the structural strength may be insufficient. 



Table 1. Components 



Components of feed 
material used to form 
cordierite 


Average 
particle size 

Oim) 


Proportion of powder 
with particle size of 
75 /im or larger 
(wt%) 


Talc 


20 


4 


Quartz 


10 


2 


Fused silica A 


20 


8 


Fused silica B 


19 


0.3 


Fused silica G 


5 


3 


Fused silica D 


5 


0.1 


Fused silica E 


10 


0.1 


Aluminum oxide A 


40 


6 


Aluminum oxide B 


35 


0.5 


Aluminum oxide C 


16 


1 


Aluminum oxide D 


70 


39 


Aluminum oxide 


6 


0.2 


Aluminum hydroxide 


2 


0 
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INDUSTRIAL APPUCATION FIELD 

As explained in the above, according to the porous honeycomb filter and its 
manufacturing method of this invention, the trapping efficiency of particulates is high, and it is 
possible to prevent an increase in the pressure loss due to clogging of the pores. In particular, this 
invention provides a type of porous honeycomb filter that can display characteristics appropriate 
for diesel engines that have adopted high-pressure fiiel injection, common rail device, etc., and 
developed in recent years, along with its manufacturing method. 

CLAIMS 

1 . A type of porous honeycomb filter characterized by the following facts: 

the porous honeyconib filter is made of a material with cordierite, having a controlled 
pore size distribution, as its primary crystal phase; 

its pore size distribution has the following features: the volume of pores with a size of 
10 (im or smaller is 15% or less of the total pore volume; the volume of pores with a size of 10- 
50 fim is 75% or more of the total pore volume; and the volume of pores with a size of 50 or 
larger is 10% or less of the total pore volume. . 

2. The porous honeycomb filter described in Claim 1, characterized by the fact that the 
porosity of the honeycomb filter is 50-75%. 

3. The porous honeycomb filter described in Claim 2, characterized by the fact that the 
porosity of the honeycomb filter is 65-75%. 

4. The porous honeycomb filter described in any of Claims 1-3, characterized by the fact 
that the thermal expansion coefficient of the honeycomb filter at a temperature of 40-800X is 
1.0 xlO"^/°C or lower. 

5. A method for manufacturing a porous honeycomb filter characterized by the following 
facts: in the manufacturing method of a porous honeycomb filter with a ceramic feed material 
used to form cordierite being the principal feed material: 

the feed material used to form cordierite contains 0-10 wt% or less [sic; 0-10%] of kaolin, 
and, for the silica (SiOz) source component other than kaolin and talc, the particle size 
distribution is such that the proportion of the powder with a particle size of 75 |im or larger is 
1 wt% or less. 

6. The manufacturing method of a porous honeycomb filter described in Claim 5, 
characterized by the fact that said feed material used to form cordierite contains 1-10 wt% of 
kaolin. ' 
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7. The manufacturing method of a porous honeycomb filter described in Claim 5 or 6, 
characterized by the fact that the silica (Si02) source component other than kaolin and talc 
contains at least one type of quartz or fused silica. 

8. The manufacturing method of a porous honeycomb filter described in any of Claims 5- 
7, characterized by the fact that said feed material used to form cordierite contains at least one 
type of aluminum oxide and aluminum hydroxide as the alumina (AI2O3) source component. 

9. The manufacturing method of a porous honeycomb filter described in Claim 8, 
characterized by the fact that for as said alumina (AI2O3) source component, 15-45 wt% of 
aluminum hydroxide with a particle size of 1-10 (im is contained. 

10. The manufacturing method of a porous honeycomb filter described in Claim 8 or 9, 
characterized by the fact that for said alumina (AI2O3) source component, 0-20 wt% of aluminum 
hydroxide with a particle size of 4-8 jim is contained. 

11. The manufacturing method of a porous honeycomb filter described in any of Claims 
5-10, characterized by the fact that for said magnesia (MgO) source component, 37-40 wt% of 
talc is contained. 

12. The manufacturing method of a porous honeycomb filter described in Claim 1 1, 
characterized by the fact that the particle size of talc is 5-40 |Lun. 

13. The manufacturing method of a porous honeycomb filter of Claims 5-12, 
characterized by the fact that said ceramic feed material contains 1-4 parts by weight of a 
foaniing resin with respect to 100 parts by weight of the feed material used to form cordierite. 
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